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HfrRODUCTION 
As the United States continues to grow and expand industrially, 
increased mechanization and shorter work weeks will result in a 
populace which will expect to enjoy increasing amounts of leisure 
time. Part of this leisure time will be used to participate in out-
door recreation activities, the result being an increased demand on 
lakes and streams. Maintaining these waters in a suitable condition 
for recreation and other beneficial uses has become the concern of 
most Americans. The Water Quality Act of 1965 and the subsequ�nt 
state water quality standards are ample proof of the concern given 
to the control of water pollution. 
In direct conflict with many beneficial uses is the discharge of 
sewage effluents into lakes and streams. Present biological sewage 
treatment plants are capable of producjng highly stabilized effluents 
in terms of oxygen depleting materials, but most are incapable of 
reducing concentrations of phosphorus or nitrogen by an appreciable 
amount. In recent years the problem has been compounded because of 
a dramatic increase in the use of synthetic detergents ( l-1259). 'The 
dis8harge of phosphorus and nitrogen into waterways is of concern be-
cause they act as fertilizer_s and stimulate the growth of aquatic 
weeds and algae. Lakes a:r:e particularly vulnerable because they act 
as nutrient traps, storing phosphorus and nitrogen in their bottom 
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sediments. In shallow lakes these nutrients are readily released 
for plant utilization by wave action or any other bottom disturbance. 
Nutrient-rich or eutrophic lakes inevitably result in reduced 
aesthetic and property values, thus limiting their capacity to 
satisfy the needs of other beneficial uses. Troublesome growths of 
aquatic weeds and algae interfere with boating, fishing, and swimming 
activities (2-13); and they also create problems in water treatment 
plants by imparting ta�tes and odors to waters. 
Most small communities have not yet seen a need for the removal 
of nutrients from their sewage discharges. However, many people are 
becomin� concerned with the increased incidence of fish kills and 
troublesome algal blooms in their favorite lakes. Althougl1 nutrient 
influx from the discharge of sewage is not the only contributor to 
eutrophic conditions, it is an important factor which must be con-
trolled if the life of a lake is to be extended. 
Present phosphate removal processes are based primarily on 
precipitation with lime, and consequently the reduction of phosphate 
to acceptable levels is a very expensive process. A l ime-biological 
treatment scheme reported by Schmid and McKinney appears to be more 
economical than precipitation processes alone, but this concept is 
adaptable only to activated �ludge treatment plants (1). Many South 
Dakota communities would encounter problems when confronted w ith the 
need to remove nutrients because many util ize stabilization ponds as 
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their only treatment facility, and these would be very difficult to 
adapt to precipitation processes. Other communities employ trickling 
filter plants which would need to rely entirely on chemical precipi­
tation to remove the phosphorus and nitrogen; this process would 
require both trained operators and large quantities of chemicals. 
One of the most promising methods that the small community can 
economically use in reducing phosphorus and nitrogen in their treat-
ment plant effluents is to apply these effluents to t.he land. This 
method may be accomplished with irrigation or by discharge to seepage 
beds or infiltration lagoons. These systems all work on the pr.inciple 
that, during the infiltration and percolation processes that occur, 
the phosphorus and nitrogen concentrations are reduced through fil­
tration and adsorption to the soil particles (3). 
The specific objective of this study was to evaluate the infil-
tration lagoon concept as a wastewater treatment device by comparing 
the quality of lagooned wastewater to the quality of lagoon seepage. 
This objective was accomplished by determining the effectiveness of 
several infiltration systems that are currently functioning. These 
systems were not purposely designed for this function; rather they 
were constructed as lagoons, but because of their extraordinarily 
high seepage rates, they now·serve in the capacity of infiltration 
lagoons. The parameters used in this evaluation included chJoride, 
phosphate, kjeldahl nitrogen, nitrate, chemical oxygen demand, 
bacteria, .and specific conductance. 
4 
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REVIEW OF LITERATURE 
Before the infiltration lagoon concept can be evaluated as a 
tertiary treatment device, the term tertiary treatment needs to be 
defined. The definition used in this report was proposed by Symons 
( 4) and recommended by Andersen (5). The definition is as follows: 
·Tertiary Treatment: Any wastewater treatment process 
used after secondary treatment that employs physical, chemi­
cal, or biological methods to refine the effluent of the 
secondary treatment or to otherwise decrease the pollution 
load. 
Some of the tertiary treatment methods available include chemical 
precipitation, ammonia stripping, carbon adsorption, reverse osmosis, 
tices of disposing of human wastes on the land are probably the oldest. 
Although these land disposal methods may have been used since the 
beginning of time, it has only been recently that soil infiltration 
system� for the treatment of sewage effluents have been purposely 
designed. A number of infiltration systems are presently in operation 
or are being constructed. 
Infiltration Systems 
Israel is presently engaged in a very energetic project with 
which it intends to bolster its sagging ground water supplies by 12 
percent (6). This project entails the reclamation of sewage generated 
by a population of 820,000 from the city of Tel Aviv. Stabilization 
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lagoons will be used for sewage treatment, allowing the lagoon effluent 
to flow to infiltration lagoons where it eventually will seep to the 
ground water table. While moving laterally, the seepage will mix with 
the ground water and eventually be reclaimed and used for irrigation. 
The cost of this project was estimated at $38 million. 
At Santee, California, passage of biologically treated sewage 
effluent through a gravel aquifer was utilized for nutrient removal 
and bacterial and viral reduction ( 7). This soil tertiary treatment 
system was quite effective in reducing nutrients to levels which were 
acceptable from an aesthetic and fish propagation standpoint. Popu-
lations of bacteria were also reduced very significantly, and no posi-
tive virus samples were found. The treatment system consisted of an 
activated sludge plant followed by a stabilization pond. The effluent 
from the stabilization pond was pumped into six seepage beds which 
overlay an old river bed. From the seepage beds, the effluent was 
allowed to percolate 1, 500 feet to an interception trench which con­
veyed the water into a series of small lakes. The lakes were used 
primarily for recreation, including swimming, without adverse effects 
on public health. 
All projects are not as successful as the one at Santee. A 
project in England was constructed in part for the purpose of re­
charging the ground water supply ( 8). This project utilized infil-
tration lagoons to increase the volume of water in an aqu�fer located 
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adjacent to a river. Initial infiltration rates were 0. 04 mgd/acre 
(million gallons per day per acre). Within two years the infiltration 
rate had dropped to 0. 02 mgd/acre and after ten years it was 0. 01 mgd/ 
acre. The success of this project was considered limited because of 
the reduced infiltration rate. 
The soil is an important treatment device because of its high 
capacity in assimilating waste materials and its ability to afford 
a high degree of treatm�nt to wastes which are applied to it. The 
major mechanisms at work in the soil which bring about this treatment 
are filtration, biological degradation, and adsorption (9). 
Filtration is the mechanical removal of particulate matter from 
a liquid while it passes through a porous media. The major portion of 
filtration occurs at the soil-water interface (3-147) and is important 
primarily in the reduction of organic matter and bacterj_a. Biological 
degradation is the decomposition of organic matter into its constituent 
salts. In the soil, bacterial nitrification of ammonia to nitrates, 
is of primary importance (10). Adsorption is the major mechanism that 
causes the chemical adhesion of ammonia and phosphate ions to soil 
particles (11). Adsorption may also play an important role in the 
reduction of bacteria and virus in the ground water. 
As a result of these mechanisms, physical and chemical contaminates 
may be removed, changed in form, increased, or may remain the same 
while percolating through the soil (9). The fate of a particular 
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contaminate is dependent upon its size and chemical characteristics 
and upon the porosity and chemical composition of the soil. 
Movement of Chemicals in the Ground Water 
Various changes in chemical concentrations occur in a wastewater 
as it percolates through the soil. Some of these changes take place 
quickly; others require long peribds 6f time before occurring. 
McGauhey and Krone (3-79) pointed out that stable soluble chemicals 
may travel large distances in the soil without undergoing change. 
In most cases, however, investigators are concerned with the chemical 
changes which take place_ in the immediate infiltration area where 
the maJor mechanisms tha� cause �hese changes are �ocated (3). Also, 
if certain chemical concentrations are not reduced w ithin a controlled 
area, they may be expected to cause undesirable effects in adjacent 
ground water supplies. 
The chloride ion has often been used in tracing ground water flow. 
It is an ideal tracer because it is not adsorbed to soil particles nor 
changed in amount by biological processes (12-381). Studies at Lodi, 
California, demonstrated that calcium, magnesium, sodium, and chloride 
remained relatively constant in percolating water (3-79). In the same 
lysimeter studies sulfates, bicarbonates and n itrates increased because 
of biodegradation of organic material; however, phosphate and ammonia 
were adsorbed within the first four feet of soil. 
/ 
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In studies at the Taft Engineering Center (13-5) a three-foot 
diameter c6lumn with four feet of Newton sand and gravel was arranged 
to simulate a sub-surface septic tank disposal area. To this, five 
gallons of septic tank effluent were applied per day. During passage 
through the column, ammonia was converted to nitrate, suspended 
solids and_ biochemical oxygen demand (BOD) were practically all re­
moved, some color persisted, and the chemical oxygen demand (COD) was 
reduced by 90 percent. Similar conclusions were reaciled in subsequent 
studies at the Engineering Center (14). These studies also concluded 
that removal efficiency improves both when the soil system is used and 
The adsorption of nitrogen to soil particles is dependent upon 
the form of nitrogen present in the percolate. Nitrate adsorption is 
strongly dependent on pH. Nitrate adsorption at pH values greater 
than seven were shown to be insignificant in tests conducted by Preul 
and Schroepfer (10-35). At pH values near six or less, however, the 
authors point out that nitrate adsorption may become significant. 
�n well injection and pump tests near Bushland, Texas, nitrate 
adsorption was found to be insignificant in water moving through a 
ground water aquifer (1 5-29). 
Unlike nitrate, the ammonia form of nitrogen is readily adsorbed 
to the soil particles over a wide pH range; however, the adsorption 
does not take place as rapidly as may be expected. In laboratory tests 
conducted by Preul and Schroepfer (10), ammonia adsorption to soil 
particles was shown to be time dependent. Equilibrium of ammonia 
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with Zimmerman sand was found to be only 90 percent complete after 
two hours of agitation but was 100 percent complete after four hours. 
Ammonia adsorption is limited by the assimilative capacity of 
the soil. Adsorption occurs primarily as a result of the clay and 
silt fractions and the organic matter in the soil (11). The soil 
particles which play an important role in adsorption are amphoteric 
in nature and in general carry a net negative charge which increases 
with an increase in pH. The total assimilative capacity of the soil 
is therefore dependent upon pH and the chemical and physical nature 
of the soil. As wastewater percolates through a soil b�d, the as­
similative capacity of the soil will gradually become exhausted. The 
time required to exhaust a specific volume of soil can be predicted 
with laboratory tests, a technique that has been demonstrated (10). 
Ammonia, under aerobic conditions, may be converted by bacteria 
to the nitrate form of nitrogen. As indicated earlier, nitrate is 
unaffected by percolation through the soil within normal pH ranges. 
It was demonstrated by Preul and Schroepfer that under saturated soi� 
conditions adsorption of ammonia and not nitrification was in dominance 
and that under unsaturated conditions nitrification became the im-
portant mechanism causing the changes in the influent nitrogen ( 10-47). 
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The determining factor was thought to be a result of the limited 
oxygen supply available under saturated flow conditions. 
The phosphate ion is the only anion that demonstrates a strong 
affinity for soil particles and is readily adsorbed over a wide pH 
range (11). The process of removing phosphates from wastewaters by 
applying sewage�effluents to the land has therefore shown much success. 
The effluent disposal area of the South tahoe Public Utility District 
is an example of a spray irrigation system where 40,000 gallons of 
treated sewage is disposed of per day (3-81). The disposal areas were 
periodically rested to maintain an aerobic soil environment. Phosphate 
removals varied from 76 to 93 percent with most of this reduction 
taking place in the upper foot of the soil. Total nitrogen was re­
duced by 54 to 68 percent. The greatest nitrogen reductions occurred 
in the ammonia form which was also in the greatest concentration in 
the applied effluent. 
Preul (16) traced ammonia, nitrates, nitrites, phosphates, and 
ABS in seepage from ten Minnesota stabilization ponds. Seepage from 
the ponds percolated into the shallow ground water tables where it 
progressed laterally to sampling wells. Ammonia nitrogen was found to 
be reduced to background levels within 300 feet of the ponds. Nitrite 
nitrogen was not found in excess of 0.1 mg/1 in either ponds or sample 
wells. Because nitrites are quickly oxidized to nitrates, an excess 
of nitrites would not be expected except under conditions of unusual 
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microorganism imbalance. Nitrate nitrogen in the ponds varied from 
0. 1 to 1. 6 mg/ 1. No increase in nitrate was found in the seepage with 
respect to increased distance from the ponds. Preul pointed out that 
this result would be expected if sufficient oxygen were not available 
for nitrification of the ammonia in the soil. Phosphates were found 
to be significantly reduced in the soil as distance from the ponds 
increased. Phosphate concentrations ranged from 1.2 to 21.5 mg/1 in 
the ponds, but were gen8rally reduced below one mg/1 within 30 feet 
of the ponds. The ponds studied by Preul had been in operation from 
two to ten years. 
Bacteria, containing an enzymatic system, might be expected to act 
in a manner different from particulate matter when traveling through 
the soil. The supposition that bacteria may exert some influence over 
their destiny has not been verified, however, and it appears that the 
major influence is exerted by the velocity of the ground water and the 
porosity of the aquifer. McGauhey and Krone (3-75) concluded that 
the soil is an effective medium for removing bacterial organisms and 
attributed this success to both physical removal and biological 
antagonism. 
In 1937, Caldwell and Parr ( 17) studied the movement of Bacillus 
coli from a bored hole latrine. An experimental latrine hole was 
bored to a depth of five feet below the ground water table. Sand 
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points were used as sample wells and were placed in rings around the 
experimental latrine hole. The direction of velocity of the ground 
water was determined with the velocity being about five feet per day. 
The feces from a family of six people were deposited into the latrine 
hole daily. The test organism was found to move at the same velocity 
as the ground water for the first three days. This advancement then 
slowed considerably wit�:. the organism reaching a maximum distance of 
35 feet from the latrine hole in two months. After three months a 
regression of organisms was apparent. In seven months organisms were 
not found more than 10 feet from the latrine. This regression was 
thought to be the result of a build-up of organic material in the 
soil, restricting passage of the test organism. 
Fournelle, Day, and Page (18) carried out a similar experiment, 
but used a single inoculation of a five-day nutrient broth culture 
for their source of test organism rather than a daily deposit of feces. 
They found that the test organism moved to a maximum distance of 50 
feet in seventy days in an aquifer which had a velocity of two feet 
per day. The test organism used was the enterococcus, Streptococcus 
faecalis variety zymogenes, which is found in the intestinal tract 
of humans. 
The movement of virus· in the ground water has been the subject of 
many recent investigations. Most investigative work indicates that 
2 4 9 0 5 0 - OUTH DAKOTA STAT,E U , IVERSITY. LIBRARY 
14 
viral movement in the soil may be less than that for bacteria. At 
Santee (7) viruses were not found in sewage samples after the effluent 
had percolated through 1,500 feet of a very porous aquifer. In the 
same study, bacterial concentrations were significantly reduced but 
were still present. 
Experiments at the Taft Engineering Center (13) also indicated a 
very effective viral removal efficiency when wastewater was passed 
through the soil. Effluent from a sand column apparatus contained 
from 1 to 12 units of virus while influents contained from 10, 000 to 
30, 000 units. These counts did not change significantly in six months 
of continuous study. 
Viral retention by soils is an adsorption process and is greatly 
affected by the pH of the water-soil system (9-269). At pH values 
below 7. 5, the adsorption of virus to the soil is very rapid and 
effective. As pH values are increased above 7.5, however, the 
effectiveness of viral adsorption is markedly decreased. 
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INVESTIGATION SITES 
The stabilization l agoons investigated in this study were chosen 
because each had a history of persistent and excessive seepage. The 
sites included the Volga lagoon as the primary investigation area and 
the lagoons at Milbank and Beresford, South Dakota, as secondary sites. 
Volga Site 
The Yolga lagoon consists of three, 7-acre ponds (Figure 1). 
These ponds were constructed in 1959 to serve a design population 
of 850 plus a creamery. The present population of Volga is approx­
imately 800, and the creamery has a daily discharge of 150, 000 gallons 
of wastes per day. 
The ponds were constructed in the flood plain of the Big Sioux 
River with the bottom of the cells being only several feet above the 
normal ground water table. A mechanical analysis of a soil sample 
taken from Well 1 at the site revealed that the soil is a sandy gravel 
which has an effective size of 0. 017 inches (Appendix A). 
At the Volga site, difficulty has been encountered in maintain�ng 
proper operating depths in the ponds (19-71). Excessive seepage has 
result"ed in saturated soil conditions, in adjacent agricultural fields, 
and for this reason an interception trench was excavated along the 
south side of the lagoon. The north cell was initi�lly sealed with an 
asphalt liner and apparently has been sealed sufficiently to maintain 
I 
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F IGURE 1.--Plan view of the Volga stabilization lagoon 
showing location of sampling points. 
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an adequate operating level. However, excessive seepage from the 
other cells and an increased waste load may have both contributed to 
an overloaded condition which has resulted in inadequate stabilization 
of the wastes. Two aerated cells were therefore added in 1969 to 
improve the waste treatment. 
The Volga lagoon has normally been operated by discharging the 
raw wastes to the north or south cells with the effluent from these 
flowing either to the east cell or to the Big Sioux River. Although 
effluent has been d�scharged to the river, it has never been necessary 
because the east cell has never been completely filled. During this 
study, however, all raw wastes were discharged into the east cell 
because of construction activity on the aerated cells near the west 
side of the lagoon. After five months of discharging to the east 
cell, only two thirds of the bottom was inundated. The cell bottom 
was not level, and the depth of water near the north edge was about 
1.5 feet while the southeast corner remained dry.• Based on an influent 
of 0. 25 mgd and considering that five acres of the east cell was in-
undated, the infiltration rate was approximately 1. 0 gpd/sq ft or �. 05 
mgd/acre. This relatively high infiltration rate is indicative of 
the porosity of the soils at this site. It is also important to note 
that these cells have not sealed even though they have received waste 
flow for a considerable period of time. 
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Points of sampling were as indicated in Figure 1. They included 
two points in the east cell labeled L-1 and L-2 and two sampling wells 
located outside of the la goon cell labeled Well 1 and Well 2. The 
wells were bored several feet into the ground water table and lined 
with four- inch aluminum pipe, the inundated section being perforated. 
A coarse gravel pack was placed ar_ound the perforated section and was 
overlaid with an impervious mater ial and capped with concrete. The 
wells were developed by intermittent pumping until tr.c water was free 
of sediment. The wells were located at 70 and 190 feet from the water 
surface of the east cell. 
Sample collection from the lagoon and the two wells at the Volg a 
site was started on August 14, 1969. Initially, sampling was performed 
on a weekly basis, but this was changed to a biweekly basis on September 
9 and was continued in this manner through December 19, 1969. Eleven 
sets of samples were collected during this period. 
Grab samples were collected from the lagoon at approximately five 
feet from the edge and six inches below the surface of the east cell. 
The two sampling points in the lagoon were used to minimize sampling 
error and to reflect more closely the average lagoon conditions. A 
single analysis for each parameter was made on each of the two lagoon 
samples. 
Seepage samples were collected from the sampling wells with a 
gas driven centrifugal pump. The pump was allowed to discharge for 
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three minutes before collecting an initial sample for chemical 
analysis . After four minutes of pumping a second sample was taken . 
Samples were collected after three and four minutes to determine if 
a slight variation in pumping time had an effect on the concentrations 
of the various parameters. Student ' s  " t" tests were performed on the 
data from the three- and four-minute samples, assuming that they were 
paired data . Concentrations in samples taken after three and four 
minutes of pumping were not found to be significant ly different at 
the 95 percent confidence level (Appendix B) . 
Initially, duplicate analyses were performed on both the sample 
collected after three minutes of pumping and that taken after four 
minutes. Since no apparent difference existed between these two 
samples, duplicate analyses were discontinued in favor of a single 
analysis. Samples were generally collected on Fridays and analyses 
completed the following Saturday. 
For bacteriological samples, the wells were pumped for four 
minutes before collecting the first sample and for six minutes before 
taking the second sample. Baterial samples were collected on Mondar 
evenings, refrigerated overnight, and set up for examination on Tuesday 
morning. 
Milbank Site 
Milbank is a small city located in the northeast corner of 
South Dakota. The 1960 population was 3, 500 and presently the 
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population is estimated to be 4, 000. Dur ing this study, the only 
appreciable industr ial activity affecting the sewage treatment plant 
was a cheese factory employ ing approximately 65 workers. The sewage 
treatment facilit ies consisted of a trickling filter plant, followed 
by two 14-acre stabilizati �n ponds operated in series ( Figure 2) . 
Secondary sedimentation was not pr_acticed at the trickling filter 
plant . 
The stabilization ponds were constructed in 1961. Because of 
excessive seepage and problems of soil saturation in border ing 
agricultural fields, tile underdrains were installed in 1965 . The 
underdrains were installed along portions of the west, sout� and 
east lagoon dikes at a distance about 80 feet from the lagoon sur-
face. On September 26 , 1969, the flow from the southwest under-
drain was measured at 0.07 mgd. On the same day the combined 
discharge, from the east underdra in and the lagoon overflow, was 
measured at 0.28 mgd. The average da ily flow at the treatment plant 
for the month of September was 0. 56 mgd. Based on these figures, 
more than half of the influent to the lagoon was lost by seepage. 
Seepage apparently originates in a small sand and gravel lens which 
is about one foot thick and is located about two feet below the 
or iginal ground surface. 
Samples were collected at the Mi l bank site at four-week i ntervals 
between September 26 and November 19 , 1969. During this ti�e three 
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sets of duplicate grab samples were coll ected from each of two sam-
pling points . The two sampling points were the outfall for the lagoon 
(ML) and the outfall for the southwest underdrain ( MT ) . 
With the exception of the initial sampling period , samples were 
collected by the sewage treatment plant operator and mailed to the 
University . Samples were generally collected on Wednesday and analyses 
completed on the following Saturday. 
Beresford Site 
Beresford is a small eastern South Dakota community wj_ th an 
estimated population of 2 j 200 . Although storm sewage was d ischarged 
i n to the ::.an i Lar y  � y ::. L em uu L .i. .L  L wu y ear ::, ago , d. 1- .L JJU J. 1 U  • .... ., • .  J .L l l .1.  ..1. UC:lJ. t., 
domestic s ewage. The sewage treatment facilities consist of two 
stabilization ponds operated in series (Figure 3 ) . The ponds were 
constructed in 1 9 55 and have surface areas of 8. 5 and 8 . 0 acres, 
respectively. 
In the spring of 19 6 7 , a tile underdrain was installed 80 feet 
from the lagoon surface along the toe of the north dike. The objective 
of this installation was to intercept seepage and to reduce saturated 
soi J. conditions in adjacent agricultural fields. An estimate of the 
total seepage from the lagoon can be derived from a knowledge of its 
operation. Normally the cells do not overflov ; however , the operator 
draws the cells down from a liquid depth of about 3½  feet to a depth 
---
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of 2 ½  feet in the spring and the fall. Consequently, approximately 
33 acre-feet of effluent is discharged from the lagoon per year . 
Based on a lagoon influent of 12 3 acre-feet per year ( 50 gpcpd), the 
seepage plus evaporation loss would amount to approximately 90 acre-
feet per year or 75 percent of the total inflow. Evaporation losses 
in this area were calculated to am_ount to on ly 1 6  acr e--fee t per year 
(20, 21) ; therefore, seepage is very significant at this s ite  and 
probably exceeds one-half of the total lagoon influen�. 
The Beresford site was sampled every four weeks beginning on 
September 2 9  and ending on November 19, 1 969. During this time, 
three sets of duplicate grab samples were collected from each of the 
two sampling points. The two sampling points were the lagoon outfall 
( BL) and the tile underdrain ( BT). The lagoon outfall was sampled 
at the outlet structure by opening the valve for the overflow pipe. 
Since effluent was generally not discharged from the lagoon, a rep­
resentat ive sample of lagoon contents was obtained by allowing the 
overflow p ipe to discharge for several minutes before filling the 
sample bottles. The tile underdrain was sampled at its point of di�-
charge. 
W ith the exception of the initial sampling period, samples were 
collected by the Beresford wastewater superintendent and mailed to 
the University. Samples were generally collected on Wednesday and 
analyses completed on the following Saturday. 
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PARAMETERS STUDIED 
In order to determine the degree of treatment that the infil-
tration lagoons were providing , a variety of chemical and bacterial 
analyses were made . The parameters measured included chloride, phos-
phate, kjeldahl nitrogen, nitrate, chemical oxygen demand, bacteria, 
and specific conductance. Analyses were performed in accordance with 
procedures recornm2nded in " Standard Methods" (22) unless otherwise 
stated , 
Chloride 
and as a result of the solvent power of water are subsequently found 
in ground waters (23-104) . Human excreta and urine also contain 
chloride in an amount about equal to the chloride consumed with food 
and water. This amount averages about six grams of chlorides per 
person per day and increases the chloride ion concentration in sewage 
by about 15 mg/1 above that of the carriage water (12-378). If 
zeolite water softeners are used, the chloride concentration in sewage 
is greatly increased because approximately 3 milligrams of NaCl is 
needed to displace each milligram of hardness removed ( 12-362) . 
Many industrial wastes a lso contain appreciable amounts of chlorides, 
and, as a result, sewage effluents usually have a much higher chloride 
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i on concentration than receiving streams (12 -378) . The chloride ion 
has , therefore, often been used as an indicator of polluted water. 
The chloride ion has been used as a ground water tracer because 
it is not adsorbed to soil particles nor changed in amount by biologi-
cal processes (12-38 1). Chloride was selected for analysis in this 
study in an effort to dete rmine wpether the lagoon seepage was being 
diluted by the ground water. Detection of dilution was made possible 
by determining the background chloride concentration of the ground 
water and the chloride concentrations in the lagoon and in the seepage 
samples. Because background chloride concentrations were much smaller 
than lagoon concentrations, reduced chloride ion concentration in the 
seepage samples would have indicated dilution with the ground water. 
The mercuric nitrate method was used for chloride determinations 
because this method has a sharp end point and is easily performed. 
The procedure followed was a slight modification of the procedur e 
described in " Standard Methods" (22-371) in that the indicator pow?er 
was purchased from the Hach Chemical Company (24-11). • 
Phosphate 
Phosphorus is a very active element which does not occur free in 
nature, but is found in the form of phosphates in several minerals and 
is also a constituent of fertile �oils , plants , and the protoplasm , 
nervous tissue , and bones of animal life (2 5 -2 42) . Phospha�e is one 
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of the stabilized products of decomposition of organic matter and is a 
major element of municipal sewage as a result of the utilization of 
syndets (25-2 40). Phosphorus in receiving str eams and lakes serves 
as an essential e lement for aquatic plant growth . On the basis of 
analyses of waters from 17 differ ent Wisconsin lakes ,  it has been 
suggested that 0 . 015 mg/1 of inor ganic phosphorus is the critical 
level beyond which algal blooms can normally be expected to occur (26-
9 5 ) .  
The reduction of phosphate concentrations between the lagoon and 
the lagoon seepage sampling points was of particular interest in this 
study because this reduction would repr esent the r emoval efficiency 
afforded by adsorption of the phosphate to the soil particles. The 
concentration in th e seepage samples would give an indication of the 
distance r equired for apprec iable phosphate reductions to occur and 
thus some insight into the location of a seepage lagoon with r espect 
to a receiving lake or str eam . 
Both filter ed and unfi lter ed samples were analyzed for total 
phosphate concentrations . Filtration of samples was accomplished by 
passing each sample thr ough a Whatman No. 5 filter disk. The pur-
pose of  filtration was to distinguish between phosphate in solution 
and that bound chemical ly or physically to particu�ate matter. 
Total phosphate analyses wer e made on both filter ed and unfiltered 
samples. Phosphate was converted to orthophosphate by mea�s of 
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autoclaving, and concentrations were then determined by using the 
stannous chloride method. The precision of this method approximates 
0. 02 mg/1 or about two percent of the result, wh,ichever is the larger 
numerical value (22-236). 
Nitrogen Forms 
Nitrogen occurs abundantly in nature, constituting by volume about 
78  percent of the atmosphere. Nitrogen is also an essential constit-
uent of protein and undergoes changes of decomposition from complex 
proteins through amino acids to ammonia, nitrites, and nitrates . This 
so-called nitrogen cycle is dependent upon bacterial action for de-
mat ter (25-226). Nitrogen concentrations were of interest in this 
study because of the role nitrogen plays as an essential element for 
plant growth . Sawyer suggested that the critical concentration of 
nitrogen, below which algal growths were not troublesome, wa� 0.30 
mg/1 provided that phosphorus was kept below 0 . 015 mg/1 (26-95) . 
In natural or polluted waters, nitrogen may be present in many 
forms, but the ones that are usually measured include ammonia, organic 
nitrogen, nitrites, and nitrates. In this study, total kjeldahl ni-
trogen and nitrate nitrogen were · determined. Total kjeldahl nitrogen 
includes organic nitrogen and ammonia .  Nitrite is a highly unstable 
nitrogen form existing only as an intermediary between awnonia and 
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nitrate, and because its concentration is usually very small , it was 
not measured . 
The reduction of nitrogen concentrations between the lagoon and 
the lagoon seepage sampling points was studied because it would 
represent the removal efficiency afforded by the soil. The detection 
of nitrification of ammonia to nitrate in the soil environment would 
also be an impor tant aspect because of the extremely different ad-
sorptive characteristicf> of these two nitrogen forms. The nitrogen 
concentratio� in the seepage would give an indication as to the dis-
tance the percolate would be - required to travel to obtain an appreciable 
reduction in total nitrogen. 
Total kjeldahl nitrogen determinations were made in accordance 
with the procedure recommended in " Standard Methods" (22-404) with 
the · exception that titrations were considered to be completed when 
the pH of the sample equaled that of the blank. This equali ty was 
noted by us� of a pH meter rather than by titrating both sample and 
blank to a pale lavender color and making the proper corrections. 
The brucine method was used for nitrate determinations, and like 
other nitrate analysis methods it is subject to a number of inter-
ferences . In the absence of interfering substances , however, an 
accuracy of 0. 11 mg/1 can be obtained in the range of O to 11 mg/1 
(22-394). 
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Chemical Oxygen Demand 
Two tests are generally used to measure the pollutional strength 
of a waste. These are the biochemical oxygen demand ( BOD) and the 
chemical oxygen demand ( COD) tests. The BOD test is widely used to 
determine the pol l utional strength of a waste i n  terms of the oxygen 
that will . be required to stabilize the waste biologically if discharged 
into a natural watercourse in which aerobic conditions exist ( 12 -394). 
The COD test allows measurement of a waste in terms of the total 
quantity of oxygen required for chemical oxidation to carbon dioxide 
and water (12 -413). 
Previous use of the BOD test in ground water studies conducted 
at South Dakota State University on leachings from the city refuse 
disposal site resulted in inconclusive data and very poor reproduc-
ibility (29-42) . The COD test was used in this study because it was 
thought that it would be more sensitive in detecting organic material 
in the ground water samples. 
The COD was determined by refluxing the samples with potassium 
dichromate and sulfuric acid. This method is quite reliable and may 
be used on a large variety of wastes with good results ( 22-510). The 
accuracy of dichromate oxidation for most organic compounds is 95 to 
100 percent that of theoretical values (22-511) . The COD test does 
not oxidize aromatic hydrocarbons , straight chain alphatic compounds, 
or pyridine. 
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Bacteria 
Bacterial density was determined in this study in an effort to 
reflect the quality of the seepage from a public health standpoint. 
The reduction of bacteri al organisms .while traveling with the seepage 
through the soil was of primary interest. The organisms used to 
measure the reduction of bacteria _included total coliform , fecal 
coliform , and fecal streptococcus. 
Populations of bacteria were enumerated by using the multiple 
tube fermentation technique . Total coliform tests were conducted 
by using standard lactose broth for the presumptive test and bril-
liant green lactose bile broth for the confirmed test . EC media was 
used for the fecal coliform determinations. The fecal streptococcal 
group was enumerated by using azide-dextrose broth for the presumptive 
te�t and ethyl violet-azide broth for the confirmed test. 
A l l  bacterial analyses were conducted by bacteriology department 
personnel at South Dakota State University. 
Specific Conductance 
Electrical conductance is the term used to describe the ability 
of a substance to conduct an electrical current. Specific conductance 
is the electrical conductance · of a cube of water , one centimeter on a 
side , measured at 25
°
C. A 115-volt , Industrial  Instruments Inc. , 
Model RC 16B2 , conductivity bridge with a platinum-electro�e type 
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conductivity cell was used for all specific conductance determinations. 
Specific conductance is reported in units of micro mhos ( pmhos) per 
centimeter squared , measured at 25
° 
C. 
Most dissolved inorganic substances in water are in the ionized 
form and thus contribute to specific conductance. A l though specific 
conductance is affected by the nature of the various ions , their 
relative concentrations , and the ionic strength of the solution , 
such measurements can give a practical estimate of dissolved solids 
content ( 12) . Specific conductance was used in this study to reflect 
any major changes in dissolved solids content between the lagoon and 
the seepage sampl ing points. 
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PRESENTATION AND DISCUSSION OF RESULTS 
Three sites were used to evaluate the infiltration lagoon as a 
tertiary tr eatment device. The Volga lagoon was the primary study 
area, and the Milbank and Beresford lagoons were studied to a lesser 
degree . The evaluati. on was accompli.shed by measuring the parameters 
of chloride ,  phosphate, kjeldahl nitrogen, nitrate, chemical oxygen 
demand, bacteria, and specific conductance. These data are tabulated 
and summarized in Appendixes C and D. 
Chlorid e 
Chlor ide was measured in an effort to determine whether la.goon 
seepage was being diluted by the ground water and thus whether the 
data obtained from the seepage samples were truly representative of 
undiluted l a.goon seepage . Detection of dil ution was made possible 
by' determi ning the background chloride concentrations of the ground 
water and the chloride concentrations in the lagoon and in the seepage 
samples. Because background concentrations of chloride were much less 
than lagoon concentrations, dilution of the lagoon seepage by the ground 
water would have been indicated by a reduction of the chloride concen-
tration in the seepage samples. 
The plot of 6hloride concentrations with time for the Volga site 
(Figure 4) shows that lagoon and seepage c9ncentrations did not vary 
appreciably except during the formation of ice cover at which time 
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the lagoon concentration increased abruptly. This increase in chloride 
can be attributed to the fact that chloride ions do not become a part 
of ice crystals as water freezes (27-120). Because the chloride 
concentrations in all samples were approximately the same, little if 
any dilution had taken place. The data obtained from the analyses of 
the seepage samples were therefore representative of undiluted lagoon 
seepage. 
Chloride concentrations in the underdrain samples at both the 
Milbank and Beresford sites were slightly less than those found in the 
lagoons (Figure 4).  This finding would indicate that a small amount 
of dilut ion had taken place. Based on the small differences in chlo-
ride concentrations and a knowledge of the site topography, however, 
the amount of dilution which occurred was considered to be negligible . 
The data obtained from the seepage samples were also considered to be 
representative of undiluted lagoon seepage. It appeared, therefore, 
that any major changes in concentration of the parameters were caused 
by some phenomena other than dilution . 
Phosphate 
Reductions in phosphate concentrations by the soil system were 
very large at all three sites ; At the Volga site, the mean phosphate 
concentrations in the lagoon ranged from a bout 30 to 60 mg/1 ( Figure 
5). In well 1, which was located 70 feet from the lagoon s_urface, 
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the phosphate concentrations had generally been reduced to less than 
one mg/1. In well 2 ,  located 190 feet from the lagoon surface, the 
phosphate concentration, whirih had been reduced to a mean value of 
0 . 34 mg/1 , represented a total reduction of 99 . 2  percent. At the 
Milbank site, mean concentrations of phosphate in the lagoon were 
about 13 mg/1, and underdrain concentrations were about 0. 05 mg/1, 
resulting in a 99. 6 percent reduction . A similar reduction was ob-
tained at the Beresford site, where mean phosphate concentrations �Bre 
reduced from about 7 mg/1 in the lagoon to 0. 04 mg/1 in  the underdrain. 
At the Volga site filtered and unfiltered samples from the lagoon 
and wells wer e analyzed. The phosphate concentration in the filtered 
and unfiltered lagoon samples was not greatly different except <?-Uring 
the month of September. At that time heavy algal blooms were occurring, 
and much of the phosphat� , which was probably a constituent of the 
cellular material , was removed from the sample by the filtering pro-
cedure. In well 1 a very appreciable difference in concentration 
existed between filtered and unfiltered samples. The unfiltered sam-
ples had a distinct yellow color , but filtration effectively removed 
most of this color and a significant portion of the phosphate. Be-
cause there was very little color, and, consequently, m inute differences 
in phosphate concentrations for the filtered and unfiltered samples 
from well 2, these data for filtered samples were not included in 
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Figure 5 .  The increased phosphate concentration in the lagoon during 
November was probably  a result of the formation of the ice cover. 
K jeldahl Nitrogen 
During the study period, the kjeldahl nitrogen concentrations in 
the Vol ga lagoon ranged from about 20 to 40 mg/1 (Figure 6). This 
range of concentrations was reduced to 9 to 16 mg/1 after the lagoon 
seepage had traveled 70 feet to well 1. In the next 120 feet of per -
colation , at well 2 ,  the concentrations were reduced to the range of 
2 . 5  to 4 . 5  mg/1 . The mean kjeldahl nitrogen reduction between the 
lagoon and wel l  2 was 87 . percent . As with chlor ide and phosphate, 
1:he increase in kj ej_dan l ni trogen concen1:ra1:ions during 1'
i
ovemoer cou ld 
have been caused by the formation of ice cover on the lagoon . 
At the Mi lbank site, the mean kjeldahl nitrogen concentration 
was about 12 mg/1 in the lagoon and 0.5 mg/1 in the seepage. This 
95 percent reduct ion of kjeldahl nitrogen occurred in abo ut 80 feet 
of travel from the lagoon to the tile underdrain. Similar results 
were obtained at the Beresford site where an 87 percent reduction oc-
curred when concentrations were reduced from an average of 3.4 mg/1 
in the .lagoon to about 0. 4 mg/1 in the underdrain. 
Nitrate 
Ni trate concentrations in al l of the lagoon samples were very 
low throughout the study period (Figure 7 ) .  This result was as 
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expected because under anaerobic conditions nitrate woul d  be re-
leased as nitrogen gas and undef aerobic conditions the production 
of algae would result in a reduction in the nitrate concentration. 
Oswald (2 8) has shown the usual nitrogen mechanism in a stabili� 
zation pond to be: 
Organic Ni trogeri-� Ammonia__.,... Algae _..,._ Nitrogen ( Cellular) 
Nitrate concentrations were determined in order to detect 
whether nitrificat ion of ammonia was occurring in the soil systems. 
Ammonia is adsorbed to  soil particles , but n itrate usually passes 
through the soil unaffected (10). I f  ammonia, which was adsorbed 
to soil particles , were biologically oxidized to nitrate, an ap­
preciable amount of nitrogen could be released from the so il system. 
Nitrif ication, as ev idenced by an increase of nitrate concen-
tration in the seepage as compared with concentrations in the lagoon, 
was significant only at the Milbank site. At the . M ilbank site, lagoon 
concentrations of n itrate averaged about one third that found in the 
underdrain discharge. At both the Volga and Beresford sites, there, 
was a general decrease in n itrate concentration from the lagoon to 
the seepage collection points. 
Aerobic condi tions would have to exist for ni�rification to occur 
at the Milbank site . In work completed by Preul, it was concluded 
that nitrification did not appear to occur in any of the ten lagoons 
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which he studied ( 16 ) ; however, the Milbank data show that nitri­
fication did take place in the soil system or in the tile under­
drain. The Milbank lagoon received effluent from a trickling filter 
plant, and consequently the organic loading was relatively low. 
Profuse algal blooms which occurred in the lagoon throughout the 
sampling period probably contribQted to a very high dissolved oxygen 
content. A concentration of 20 mg/1 was found in. the only lagoon 
sample analyzed for dissolved oxygen. These factors would be im-
portant in maintaining aerobic conditions in the seepage, thus making 
nitrification at this site possible. 
Chemical Oxygen Demand 
The underdrain samples from the Beresford and Milbank sites and 
the well 2 samples  from the Volga site were all very clear and in-
offensive from both an aesthetic and odor-producing standpoint. These 
samples had the appearance of a highly polished wastewater effluent, 
and this appearance was verified by significant COD reductions in the 
infiltration systems of all three sites. (Figure 8 )  
At the Volga site, the COD of the lagoon samples ranged from 
300 to 600 mg/1 ; concentrations in samples from well 1 were generally 
reduced to below 60 rng/1. An - additional reduction occurred between 
well 1 and well 2, where the COD was reduced from about 60 to 40 mg/1. 
At the Milbank site, the lagoon samples had a mean COD of 175 mg/1, but 
r-l 
'-... 
s 
-
Cl 
0 u 
r-1 '-... 
bO s 
-
0 u 
200 
100 
9 -26 
300 
200 
100 
Aug 
10-23  1 1 - 1 9  
DATE 
M I LBANK S :rTE 
IAGOON 
WE LL 1 
WELL 2 
Sept 
o----• 
11- - - - - --
rl 
s 
-
0 u 
Oct 
DATE 
VOLGA S I TE 
200 
100 
9 -2 9  
4 3  
10-22 11-19 
DATE 
BERESFORD S ITE 
.... I CE 
COVER 
Nov Dec 
F i gur e 8 .  Mean concentrat ions o f  chemical oxygen demand ( COD) for the 
var ious samp l i ng dates and locat ions at · the Volga , Ber e s fo� 
and Mi lbank s i tes , Fal l , 1969 . 
44 
this was reduced to a mean of 21 mg/1 in the underdrain samples .. At 
the Beresford site, the mean concentration of C OD in the lagoon was 
50 mg/1 while that in the seepage was 16 mg/1. Most of the COD re­
duction at the Volga site occurred in the init ial 70 feet of the in-
fil trat ion sys tem. This result would be expected because the removal 
of organic. materials is primarily -a filtration process which occurs 
near the soil-water interface (3). 
The high COD in thn Milbank lagoon was pr imar ily attr ibuted to 
the dense algal growth that wa� continoou s ly pr esent throughout this 
study. Plant records showed that the lagoon over flow had an average 
BOD of 20 mg/1 for the months of September , October , and November 
(Appendix E ) .  During this same period the COD ranged from 125 to 
210 mg/1. This large difference between COD and BOD values is possibly 
in par_t the r e s ult of algal interference in the five-day BOD test. 
The much lower COD found in the Beresford lagoon could in part be 
attributed to the absence of al gae. The high COD ·at the Volga la-
goon resulted from heavy or ganic loading as a result of discharging 
all wastes to the east cell. 
Bacteria 
The resul ts of the bacte±ial analyses at the Volga site are 
listed in Table 1. There are two major differences in the tabulated 
data. There is a very large decrease in the bacterial pop�lations 
Sample 
Point 
L- 1 
L-2 
1 -4 
1-6 
2-4  
2 - 6  
L-1 , L-2 
1 -4, 1-6  
2-4 , 2-6 
TABLE 1. --Results of t Ba cteriolog :;_ i :al Analyses at the Volga Site 
Distance 
From 
Lagoon 
(Feet) 
70 
70 
190 
190 
Total coliform 
(MPN per 100 ml) 
Nov . 1 7  Dec. 8 
3, 300, 000 1 3 , 000, 000 
1 3, 000, 000 4, 900, 000 
2, 300 79 
1 , 300 49 
230  2 
2 30 - 2 
Lagoon sampling points 1 and 2 
Fecal coliform 
( MPN per 100 ml) 
Nov. 1 7  Dec . 8 
1, 300, 000 1 3, 000, 000 
: ·_ 3 , 000 , 000 2, 300, 000 
1, 300 1 1  
800 8 
80 <2 
130 <2 
Well 1 pumped for 4 and 6 minutes respt� ' �tively 
Well 2 pumped for 4 and 6 minutes resp1 � · �tively 
Fecal streptococcus 
(MPN per 100 ml) 
Nov. 1 7  Dec. 8 
2 30, 000 79, 000 
2, 300 , 000 1 30, 000 
790 2 
800 5 
130 <2 
130 <2 
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with respect to distance from the lagoon and also a difference with 
respect to sampling date. For the November 1 7  sample of total 
coliform, there was about a 1, 000-fold population decrease in the 
samples from the lagoon to well 1. Furthermore, there was about a 
10-fold decrease between well 1 and well 2. For the December 8 
sample of total coliform, there was about a 100, 000-fold population 
decrease between the lagoon and well 1 and a 30-fold decrease between 
well 1 and well 2.  Similar results were obtained using fecal coliform 
and fecal streptococcus as the indicator organisms. 
The large initial decrease in bacterial populations was probably 
i n  n�r t  thP  . rPs 1 1 l t o f  the filtration at the soil-water interface. The 
difference because of sampling date could be a result of an increased 
bacterial filtration efficiency. Several authors have pointed out 
that �s a soil system is used an organic slime builds up at the soil-
water interface resulting in an increased efficiency in bacterial re-
---J. 
duction ( 3, 17). Since the east cell had received large quantities 
of sewage for the first time during this study, its fil tration ef-
ficiency was probably still improving. 
Spe�ific Conductance 
At the Milbank and Beresford sites there was not a significant 
difference between the sp�cific conductance of the lagoon samples and 
that of the seepage samples (Figure 9). This result would , indicate 
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4 8  
t hat the  d i s s o lved sol ids  concentrat ion i n  the lagoon s was about t he 
same a s  that i n  the seepage . 
S pe c i f i c  conductance data for the Vo l ga s i te , wh i ch var ied  to 
a lar ge degr ee , could not be completely  expla ined . The h igh  spec i f ic 
c onductance o c c urr i ng i n  we l l  1 dur ing t he mont hs o f  September and 
October was not congruous w i th the other data col l e c ted . 
Pos s i b l e  explana t ion s for the var iat i on i n  the s pe c i f i c  con-
ductance data woul d  inc l ude var iat i ons becaus e o f  cha�ge s in pH , 
var iat i ons because  of b i o l og i cal  a c t i v i ty w i t h  i ncr eas es  i n  car bon 
d i ox i de content and m ineral so lvency of the seepage , and var iat i ons 
because o f  the breakdown o f  or gan i c  matter with the r e l ea s e  o f  i n -
or gan i c  s a l t s .  
49 
SUMMARY 
The reductions of the concentrations of various parameters observed 
at the several sites during this study are summarized in Table 2 .  Chlo-
ride and specific conductance determinations are not included in this 
tabulation because these parameters were used in the control of the 
study rather than in the evaluation of the infiltration lagoons as 
treatment devices. Table 2 presents the mean percentage reduction ob-
tained for the various parameters at the lagoon sites. 
TABLE 2.--Summary of Data Used to Evaluate Infiltration Lagoons 
Parameter 
Phosphate 
Site 
Volga 
Milbank 
Beresford 
Kjeldahl Nitrogen Volga 
Milbank 
Beresfor d 
Chemical Oxygen 
Demand 
Volga 
Milbank 
Beresfor d 
Bacter i.a: Volga 
Total coliform 
Fecal coliform 
Fecal streptococcus 
Nitrate Volga 
- Milbank 
Beresford 
Mean Percent Reduction in 
Well 1 
98.1 
56.8 
86.4 
99.99 
99.99 
99.94 
39.5 
Well 2 
99 . 2  
87 . 4  
90.4 
99. 99 
99.99 
�9 . 99 
75.4 
Under drain 
99 . 6  
99 . 4  
94 . 9  
86 . 7  
88.0 
66 . 7  
Increased 2 8 4% 
75. 8 
5 0  
The mean percent reduction of the parameters :i.n Table 2 is 
representative of the amount of treatment obtained beyond that accom-
plished in the stabilization ponds . Phosphate, kjeldahl nitrogen , 
chemical oxygen demand, and bacterial reductions are all indicative 
of the high degree of treatment afforded by the soil infiltration 
system. The reductions in phosphate are particularly impressive since 
these high percentages exceed the removal capability reported for most 
chemical precipitation plants ( 1) .  In addition, the significant re-
ductions in total kjeldahl nitrogen and chemical oxygen demand _com-
bine with the high reduction of bacteria to produce an effluent of 
very high qua l i ty . The clearness of the seepage samples also gave the 
appearance of a highly polished wastewater effluent. The nitrate 
concentration increased in the soil system at the Milbank site; 
however, this was not thought to be a problem because lagoon concen-
trations are generally very low and under anaerobic conditions 
nitrates should not increase in the soil system. 
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CONCLUSIONS 
Fr om information gained in this study and from a r eview of the 
literature , the following conclusions can be made : 
l. The soil is effective in removing large percentages of 
phosphate, total kjeldahl nitrogen , chemical oxygen demand, 
and bacteria fr om a wastewater pas sing through it. Phos phate 
reductions are particularly high. 
2 .  Under favorabl·e conditions a small community may use an 
infiltr ation lagoon to great advantage as an effective ter -
tiary treatment device for nutrient removal and general effluent 
been in operation for 9 to 15 year s but s till functioned very 
efficiently as infiltration lagoons. 
3. The application of the infiltration lagoon principle is de­
pendent upon suitable geological conditions. An adequate land 
area having soils with the proper mechanical and chemical 
characteristics mus t  be available. These lagoons should be 
located so that they wil l not cause pollution problems which 
could interfere with subsequent beneficial uses of the ground 
water. 
4. Pollution of shallow ground water tables can be controlled 
to some degree by interception trenches or tiles. These 
drains may be beneficial in maintain ing infiltration rates 
in the lagoons. 
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5. Infiltration lagoons should not be used as a substitute for 
in itial waste treatment zequ irements. Adequately designed 
and operated treatment facilities are first required to pro­
duce a stabilized effluent . This effluent may then be dis­
charged to an infiltration lagoon for effluent polishing and 
nutrient removal. 
5 3  
AREAS OF FUTURE STUDY 
Design criter ia in terms of quantity of effluent disposed per 
unit of area were not objectives in this study . The fact that such 
systems do exist is adequate proof of their ability to function ; 
however, optimum loading and operating procedures and land area re-
quirements are topics for future �tudy . Future studies should pro­
vide answers to the fol lowing questions : 
1. What is the best lagoon shape to provide a maximum water­
soil interface and consequently the greatest infiltration 
rate per unit of area? 
'.) 
operation? Should some cel ls be dried while others are 
being filled? 
3 .  What benefits may be derived from periodically resting or 
drying cells to increase infiltration rates? Also, would 
it be feasible to remove mechanically or scarify clogging 
surfaces to restore infiltrative capacity? 
4. How are soil particle size and soil chemistry related to 
infiltration rates? 
5 .  What benefits could be derived from the construction of 
interception trenches around the perimeter of the infil ­
tration lagoons? Can infiltration rates be increased and 
ground water pollution controlled? 
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McGauhey and Krone (3) have made an extensive literatur e r eview 
on infiltration, and their observations should be helpful in this 
evaluation . 
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APPEND IX A 
Soils Analysis at the Volga Site 
The mechanical soils analysis of a sample taken from a depth 
of five feet during the excavation of well #1 at the Volga site is 
presented. Excavation was from under water and for this reason 
some of the fines were probably -lost. 
Sieve Size 
( Inches) 
1 . 050 
0 . 742 
0 . 52 5  
0 . 371 
0 . 18 5 
0 . 065 
0 . 0328 
0 . 0 16 5  
0 . 0058 
0 . 0029 
Percent Passing 
Sieve 
97 . 2  
9 1 . 1  
84.6 
79 . 4  
67 . 2  
48 . 3  
30 . 6  
9 . 2  
1 .  8 
0 . 9  
Weight of initial sample . . . . . . . . . . . .. . . . . .. .. . .. . . 60 pounds 
( Initial sample was mixed and quartered) 
5 8  
Weight of sample analyz�d . . . . . ... .. . . . . .. . .. . . . . . .  15.084 pounds 
Effective particle size . . .  � . . . . . . . .. . .. . . . . . .  · . . . . .  0. 017 inches 
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APPENDIX B 
Student ' s  " t" test for a significant difference in samples 
taken at the Volga site from wells pumped for three and four 
minutes. 
Analysis was made assuming samples taken at three and four 
minutes were paired data. The hypothesis: chemical concentrations 
in samples collected after three minutes of pumping are not signif-
icantly different from concentrations in samples collected after 
four minutes of pumping. 
Parameter 
Chlorides 
Chlorides 
Specific 
conductance 
Specific 
conductance 
Well No. 
1 
2 
1 
2 
Calculated Value 
::ituctent · s  ; , "t ; ;  
0 . 8 1  
1 . 1 5 
1 .  9 5  
1 . 0 1 
Student ' s  " t" at 
95% Confidence 
Lev e l  
2 . 306 
2 . 306 
2 . 365 
2 . 365 
Accepted 
Accepted 
Accepted 
Accepted 
APPENDIX C .  Results of Analyses of frmples Col lected at the Volga S ite 
Sample Sample COD Phosphate Phosphate Nitrate Nitrogen Chloride Total Specific 
Date Point ( Total ) ( Fi ltered ) Nitrogen ( Kjeldahl ) Residue Conductance 
mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 ( pmhos/cm2@25°c )  
August 14  L-1 6 16* 33 . 25 30 . 00 0 . 73 67 . 0  1387 
( Heavy 1-3 90* 1 . 20 0. 29 0 . 28 59 . 5  1460 
algal 2-3 40* 0 . 34 0 . 23 0 . 12 65 . 5  1 13 6  
August 20 L-1 333* 31 . 00 30. 00 0 . 51 .25 . 2* 6 6 . 5  1039 1345* 
1 -3 113 0 . 36 0 . 22 0. 20 1 6 . 2 * 60 . 5  923 1 466*  
. 2-3  94 0 . 31 0 . 31 0 . 09* 3 . 36  65 . 0  743 1 103* 
August 27 L-1 390 0 . 73* 33 . 3  69 . 7* , 1099 1200 
(Medium L-2 374 36 . 70 28 . 30 0 . 59* 29 . 7  70 . 7* 106 1 1 195 
algal 1 - 3 65 . 6* 0 . 16*  15 . 9* 59 . 5* 917 1 6 10 
bloom ) 1 -4 61 . 7* 0 . 47 0 . 39 0 . 1 6*  15 . 6* 60 . 5* 918 1 6 10 
2 -3 38 . 5* 0 . 05* 3 . 20 67 . 0* 72 1 1460 
2-4 52 . 0* 0 . 38 0 . 38 0 . 06* 3 . 00 67. 0* 722 1480 
September 9 L-1 274 40 . 20 28 . 30 0 . 25 23 . 0 73 . 8* 972 1335 
L-2 378 48 . 50 0. 28  2 6 . 3 73 . 3* 1 420 
1-3 61 . 9* 1. 2 4 0 . 39 0 . 15 1 5. 5  66 . 0* 976 1 625 
1-4 60 . 7* 1 .  32 0 . 20 15. 4 t:55 . 8* 957 1 62 5  
2·- 3 41 . 1* 0 . 52 0 . 37 0 . 06 3 . 50 73 . 3* 743 1 195 
2-4  40 . 2 * 0 . 63 0 . 06 3 . 22 73 . 5* 1 2 15 
* Average of more than one analys i s  
APPENDIX C ( continued ) . Results of Analyses of Samples Collected at the Volga Site 
Sample Sample COD Phosphate Phosphate Nitrate Nitrogen Chloride Total Specific 
Date Point (Total ) ( Filtered ) Nitrogen ( Kjeldahl ) Residue Conductance 
2 . o mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 (µmhos/cm @25 C )  
September L-1 386 46 . 25 37 . 00 0.46 23 . 7  6 6.5 985  1 270 
·24 L-2 366 46 . 25 0 . 46 23 . 9  6 6 . 5  988  1 300 
(Medium 1-3 51 . 0  1 . 1 4 0 . 27 0.1 5 1 4 . 3  68 . 5  1002 1 680 
algal 1-4 46.4 1 . 1 5 0 . 1 5 1 4. 0  6 8 . 7  998  1 680  
bloom ) 2-3 31 . 7 0 . 39 0 . 33 0 . 00 3 . 50 76 . 5  746 1220 
2-4 29 . 4  0.39 0 . 00 3 . 50 76 . 3  741 1235 
October 8 L-1 290 36 . 20 32 . 20 0 . 66 20 . 6  6 1 . 5  884 1 046  
L-2 288 35 . 00 0.59 20.3 62.0 902 1 035 
1 -3 53 . 2  0.57 0 . 1 0  0.26 12 . 5  68.5 I 92 4 1 600 
1-4 53 . 2  0 . 56 0 . 25 12.6 69 . 0  9 1 0  1 600 
2-3  41 . 9 0 . 28 0 . 22 0 . 12 3 . 50 72 . 5  740 1262 
2-4 42 . 7  0 . 28 0 . 12 3.64 73 . 0  746 1251 
October 24 L-1 462 52 . 20 49 . 80* 0.39 1 9 . 9  64 . 5  1 445 
L-2 457 54.80 0 . 29 64.0 1 445 
1 - 3  59 . 1  1 . 02 0 . 17 0 . 36 10.4 66 . 0  1385 
1 -4 59.1 1 . 00 0 . 29 6 6 . 5  1 395 
2-3 41 . 0  0 . 33 0 . 12 3 . 92 71 . 5  1 1 5 0  
2-4 4 1 . 8 0.31 0 . 12 72 . 5  1 150  
November 7 L-1 315  38 . 00 33 . 50 0.1 8 24 . 1  6 3 . 0  121 0  
L-2 300 37 . 00 33 . 25 0 . 25 23 . 1  6 3 . 5  1204 
1-3 46 . 8  0 . 8 7 0 . 22 0 . 29 9 . 38 65.0 1 322 
1 -4 44 . 5  0.80 0 . 1 9 0.29 9 . 24 64.5 1 333  
2-3 39 . 8  0 . 30 0 . 20 0 . 1 4 4 . 48 70.0 1 36 3  
2-4 38 . 2  0. 27 0.1 4 4 . 48 70 . 5  1 353 
Q) 
* Average of more than one analysis i--' 
APPENDIX C ( cont inued ). 
Sample Sample COD Phosphate 
Date Point (Total ) 
mg/1 mg/1 
November 21 L-1 547 60 . 80 
(Ice Cover ) L-2 540 59 . 80 
1-3 41 . 7 0 . 89 
] -4 39 . 4  0 . 82 
2-3 32 . 4  0 . 33 
2-4 30 . 9  0 . 33 
December . 5 L-1 515 62 . 00 
(Ice Cover ) L-2 505 62 . 00 
1-3 52 . 7  0 . 55 
1-4 55.8 1 . 10 
2-3 27 . 9  0 . 26 
2.:.4 31 . 0  0 . 28 
December 19 L-1 502 62 . 00 
(Ice Cove_r ) L-2 492 60 . 80 
1-3 36 . 9  0 . 89 
1-4 34 . 6  1 . 02 
2 -3 33 . 1  0 . 36 
2-4 31 . 5  0 . 33 
Results of Analyse E  of Samples Col lected at the Volga Site 
Phosphate Nitrate· Nitrogen Chlor ide Total Specific 
(Filtered ) Ni trogE r (Kjeldahl) Residue Conductance 
mg/1 mg/1 mg/1 mg/1 mg/1 ( 1-1mhos/ cm2@25°c) 
57 . 30 0 . 39 39 . 8  1 1 3 . 0  1499  
57 . 30 0 . 29 38 . 1  114 . 5 149 9  
0 . 19 0 . 36 9 . 24 64 . 5  1225 
0 . 29 8 . 96 65 . 0  1225 
0. 18 3 . 78 69 . 0  1 185  
0 . 18 4 . 06 69 . 5  1190  
5 8 . 25 0 . 14 35 . 7  108 . 0  1400 
59 . 75 0 . 12 35 . 4  106 . 5  I 1405 
0 . 15 0 . 29 9 . 66 64 . 5  122 8 
0 .29 9 . 52 65 . 0  1234 
0 . 25 0 . 12 4 . 0{3 66 . 0  1150 
0 . 12 3 . 78 6 6 . 5  1149 
58 . 30 34 . 3  98 . 5  
34 . 4  9 9 . 5  
0 . 21 10 . 8  6 6 . 5  
10 . 9  6 6 . 0  
2 . 9 4  66 . 5  
2 . 38 65 . 5  
O') 
tv 
APPENDIX D. Results of Analyses of Samples c, ,l lected at the Mi lbank and Beresford S ites 
Sample Sample COD Phosphate Phosphate Nitrate Nitrogen Chloride ., Total Specif ic 
Date Point (Total ) (Filtered ) Ni trogE ii l (Kjeldahl ) Residue Conductance 
mg/1 rng/1 mg/1 mg/1 mg/1 mg/1 mg/1 ( µmhos/ cm2@25°c) 
September 2 6  ML 189 12.75 9 . 00 0. 40 12. 3 320 1998 2985  
(Heavy ML 193 11. 75 9.00 0. 40 12. 3 321 2071 3025 
algal MT 2 3.7 0. 09 1. 42 0. 84  2 60 2 019 2985 
bloom ) MT 23. 7 0.09 1. 42 0. 70 2 60 202 4  2985 
September 29 BL 49.7 11. 50 11. 25  0.12 3. 08 78 . 5  12 61 1735 
BL 49.0 0.09 2 . 94 78.5 1241 1722 
·BT 2 6. 8  0. 05 0 . 00 0 . 42 73.0 1157 1735 
BT 17. 6 0. 05 0. 00 0. 70 72.5 1175 1735 
I 
October 2 3  M L  212 10. 60 6.60 0 . 77 10. 6 326  2 760 
(Heavy ML 209 10. 00 6. 20  0.90 10. 9 32 6 2 745 
algal MT 19.7 0.02 2 . 32 0. 42 280  3005 
bloom ) MT 21. 3 0. 02 2.35 0. 2 8  280 3025 
October 2 3  BL 48. 1 5. 00 4. 40 0. 29 3. 22  79.0 1680 
BL 50.5 0. 25  3. 36  79. 0 1690 
BT 13. 4 0.02 0.03 0. 06 0. 28  70. 5 1710 
BT 12. 6  0. 12 0. 28  71. 0 1720 
November 19 ML 124 16. 00 12. 8 0. 73  11. 8 354 2 562 
(Medium ML 126 16. 20  13. 2 0. 80 1 1 . 5 354 2562 
_algal MT 20 . 1  0. 05 1. 94 0. 56 304 2 683  
bloom) MT 18.5 0. 04  1. 87  0. 4� 306 2703 
November 19 BL 49. 4 3 . 40 2. 80  0.53 3. 78 84. 5 1529 
BL 48. 6 3.40 2. 80 0 . 53 3. 92 84. 5 1539 
BT 13. 1 0. 03 0. 14 0. 42 74. 0 1559 (j) 
BT 14.7 0. 06 0. 12 0. 42 73. 5 1559 
w 
APPENDIX E. Data from Milbank : ,ewage Treatment Plant Records 
Month Total Maximum Minimum BOD BOD BOD BOD 
Flow Dai ly Flow Daily Flow Raw Plant Effl. N. Pond S. Pond · 
1, 000 gal 1, 000 gpd 1, 000 gpd 1 1g/l mg/1 mg/1 mg/1 
Jan 18, 708 798 400 
Feb 17, 052 760 466 250 50 2 4  15  
March 19 , 290 730 470 2 55. 55 61  55 
Apri l 25, 2 60 1, 1 19 720 160  44 30 08  
May 2 3, 780 920 590 220  62 I 16 09 
June 18, 860 690 470 2 30 45 18 10 
July 20, 490 880 586 150 30  15  12 
Aug 1 7, 980 670  379 2 1 5  2 6  2 3  1 8  
Sept 1 6 , 790 640 2 9 8  2 10 2 8  2 0  2 4  
Oct 15, 2 70 6 3 1  3 19 305 2 4  2 1  1 7  
Nov 15, 980 6 60 340 2 55 2 5  1 5  1 1  
Dec r n ,  480 650 557 240 2 0  
